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rial such as glass and having an outer shape of a regular
triangle or a regular hexagon as a minimum structure, a
step (S110) of two-dimensionally arranging a plurality of
optical element units (100) on a substrate (110, 120) so
as to have a structure imitating a molecular structure of
graphene or a carbon nanotube, and a step (S120) of
processing the substrate on which the plurality of optical
element units is mounted into a desired surface shape.

(54) METHOD FOR MANUFACTURING OPTICAL ELEMENT, OPTICAL ELEMENT, AERIAL IMAGE
DISPLAY DEVICE, AND SPATIAL INPUT DEVICE
(57) A method for manufacturing an optical element FIG. 1
which has high accuracy and can be increased in size is
provided. 50
A method for manufacturing an optical element of
the present invention includes a step (S100) of forming ”’7\ /
an optical element unit (100) formed by an optical mate-
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Description

[0001] The present invention relates to a method for
manufacturing an optical element, and more particularly
relates to a method for manufacturing a retroreflective
member or the like used in an aerialimage display device.
[0002] An aerial display that forms an image displayed
on a display in the air using a retroreflective member or
the like has been proposed. For example, in order to en-
able observation of an image formed in the air from a
wider angle, the display device of JP 2017-107165 Auses
two retroreflective members and one of the retroreflective
members is disposed on an emission axis of a light
source. In order to inhibit a reduction in the viewability of
an image, an image display device in JP 2019-66833 A
reduces the number of times of transmission of light
through a retardation member (/4 plate) and additionally
prevents dust or the like from entering between a retro-
reflective member and the retardation member.

[0003] As aconfiguration for obtaining stereoscopic ef-
fect in display, there is an aerial image element that en-
ables stereoscopic vision by imparting a lens structure
or a prism structure. Fig. 1 illustrates a schematic cross
section of a display device using a retroreflective mem-
ber. As illustrated in the drawing, the display device 10
includes a display 20 that outputs an image, a beam split-
ter 30, and a retroreflective member 40. Light L1 emitted
from the display 20 is reflected by the beam splitter 30,
and reflected light L2 travels to the retroreflective mem-
ber 40. The retroreflective member 40 reflects light L3 in
the same direction asincident light, and the reflected light
L3 passes through the beam splitter 30, and an aerial
image 50 is displayed in a space in front of the observer’s
eyes.

[0004] The aerial image 50 that can be observed by
the observer is limited to a range in which the observer
can see the retroreflective member 40. That is, the ret-
roreflective member 40 needs to be present within the
viewing angle of the observer. Further, the aerial image
50 is formed at a position symmetrical to the display 20
with respect to the surface of the beam splitter 30. In a
case where the display 20 is inclined at 45 degrees with
respect to the beam splitter 30, the aerial image 50 ob-
served by the observer is an image viewed from an ob-
lique direction of 45 degrees.

[0005] Such a conventional display device has the fol-
lowing problems. Since retroreflection requires an optical
element with high accuracy, stacking of glass or molding
by nanoimprinting is used. When the optical element is
made of resin in order to reduce the cost, it becomes
difficult to mold the optical element with high accuracy,
and as the size of the optical element increases, it be-
comes more difficult to mold the optical element. For this
reason, the maximum size of a retroreflective element is
about 30 cm at present.

[0006] Onthe otherhand, in order to solve such a prob-
lem, there is an attempt to mold the retroreflective ele-
ment or the aerial image element with a flexible material
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and produce the same in aroll shape, but since the shape
of the optical element is also easily deformed due to its
flexibility, there is a trade-off relationship between a high-
quality aerial image and an increase in size of the optical
element, such as degradation of image quality.

[0007] An object of the present invention is to provide
a method for manufacturing an optical element with high
accuracy and which can be increased in size, an aerial
image display device, and a spatial input device.

[0008] The invention relates to a method for manufac-
turing an optical element, to an aerial image display de-
vice and a spatial input device according to the appended
claims. Embodiments are disclosed in the dependent
claims.

[0009] A method for manufacturing an optical element
according to an aspect of the present invention includes
a step of forming an optical element unit formed by an
optical material and having an outer shape of a regular
triangle or a regular hexagon as a minimum structure, a
step of two-dimensionally arranging a plurality of optical
element units on a substrate, and a step of processing
the substrate on which the plurality of optical element
units is mounted into a desired surface shape.

[0010] In an embodiment, the plurality of optical ele-
ment units is arranged on the substrate so as to imitate
a molecular structure of graphene or a carbon nanotube.
In an embodiment, each of the optical element units is
formed by molding a glass material or a resin material
using a mold or a cast. In an embodiment, the desired
surface shape is a curved surface. In an embodiment,
the optical element units are retroreflective elements. In
an embodiment, the optical element units are micromir-
rors. In an embodiment, the optical element units are
microlenses.

[0011] An aerial image display device according to an
aspect of the present invention includes a retroreflective
member manufactured by the manufacturing method de-
scribed above, a light source, and a beam splitter that
reflects light from the light source toward the retroreflec-
tive member and transmits the light reflected by the ret-
roreflective member.

[0012] A spatial input device according to an aspect of
the present invention includes the above-described aer-
ialimage display device, and a detection unit that detects
an approach of an object to an aerial image displayed by
the aerial image display device.

[0013] According to aspects of the present invention,
an optical element is manufactured by arranging optical
element units having an outer shape of a regular triangle
or a regular hexagon as a minimum structure, and thus
itis possible to provide an optical element which has high
accuracy and can be increased in size.

Fig. 1 is a cross-sectional view illustrating a sche-
matic configuration of a conventional retroreflective
display device.

Fig. 2is aflow illustrating a method for manufacturing
an optical element according to an embodiment of
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the present invention.

Fig. 3 is a diagram illustrating a glass retroreflective
componentmolded into a regular hexagon by a man-
ufacturing method according to aspects of the
present embodiment.

Fig. 4 is a diagram illustrating an exemplary molec-
ular model of graphene.

Fig. 5Ais a plan view illustrating an example in which
a plurality of optical element units is arranged on a
rectangular substrate, and Fig. 5B is a plan view il-
lustrating an example in which a plurality of optical
element units is arranged on a circular substrate.
Figs.6A and 6B are diagramsiillustrating an example
in which a substrate on which a plurality of optical
element units is arranged is processed into a curved
surface shape.

Fig. 7 is a diagram illustrating a method for manu-
facturing an optical element according to another
embodiment of the present invention.

Fig. 8 is a diagram illustrating a configuration of an
aerial image display device using a retroreflective
member manufactured according to an embodiment
of the present invention.

Fig. 9 is a diagram illustrating a configuration of a
spatial input device using the retroreflective member
manufactured according to an embodiment of the
present invention.

[0014] Next, embodiments of the presentinvention will
be described. A method for manufacturing an optical el-
ement according to aspects of the present invention pro-
vides an optical element which is enlarged by molding
glass or resin which is a material of the optical element
into a small size by pressing or molding and arranging
the glass or resin on a flat surface or a curved surface,
and solves a trade-off between high quality and enlarge-
ment. Thus, an affordable optical element that can be
mass-produced while maintaining high quality is
achieved. The optical element manufactured according
to the presentinvention can be applied to an aerial display
or the like that displays an aerial image. In addition, such
an aerial display can be applied to a spatial input device
that enables user input using an image displayed in the
air.

[0015] The drawings to be referred to in the description
of the following embodiments include exaggerated dis-
play in order to facilitate understanding of the invention,
and do not directly represent the shape and scale of an
actual product.

[Embodiments]

[0016] Fig. 2 is a flow for describing the method for
manufacturing the optical element according to an em-
bodiment of the present invention. The method for man-
ufacturing an optical element according to the present
embodimentincludes a step (S100) of forming an optical
element unit having an outer shape of a regular triangle
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or a regular hexagon as a minimum structure for consti-
tuting an optical element, a step (S110) of two-dimen-
sionally arranging a plurality of optical element units on
a substrate, and a step (S120) of processing the sub-
strate on which the plurality of optical element units is
mounted into a desired surface shape.

[0017] A planar shape of the optical element unit is
formed into a regular triangle or a regular hexagon as a
minimum structure. When the plurality of optical element
units is arranged to form an arbitrary size and an arbitrary
surface shape, the planar shape of the optical element
unit is required to be geometrically a regular triangle, a
quadrangle, and a regular hexagon. In order to form a
curved surface, a spherical surface, or an arbitrary sur-
face shape by the optical element unit, a regular triangle
or aregular hexagon is more advantageous than a quad-
rangle.

[0018] The optical element unitis formed by, for exam-
ple, a glass press or a glass mold.

[0019] Specifically, glass softened to a high tempera-
ture is poured into a regular triangular or regular hexag-
onal mold or cast, and pressure is applied to mold a reg-
ular triangular or regular hexagonal optical element unit.
In the press molding, if the mold or the cast is too large,
the pressure is not uniformly applied to the glass material,
shrinkage, a cavity, and the like occur, and the accuracy
of the molded optical element unit may be deteriorated.
Therefore, in order to mold a highly accurate optical el-
ement unit, it is necessary to limit the mold or the cast to
a certain size. Furthermore, in order to form a curved
surface or the like from the arrangement of the plurality
of optical element units, a smoother curved surface can
be obtained as the size of the optical element unitis small-
er. For example, the optical element unit is molded to a
size of about 1 cm. Such a glass press or glass mold
produces a large amount of highly accurate optical ele-
ment units.

[0020] Note that the optical element unit may be made
of resin in addition to glass, and in this case, the resin
material is poured into a mold and pressed or molded.
As the material of the resin, for example, polycarbonate
or cycloolefin-based resin used for optical components
is used.

[0021] The optical characteristics of the optical ele-
ment unit are configured to match the optical character-
istics of a target optical element. For example, in a case
where a retroreflective element is configured by the plu-
rality of optical element units, a retroreflective structure
is formed on the surfaces of the optical element units.
The retroreflective structure is, for example, dihedral cor-
ner reflector array (DCRA), triangular pyramid reflection,
or the like. Fig. 3 illustrates a glass retroreflective com-
ponent molded into a regular hexagon. In addition, in a
case where the plurality of optical element units consti-
tutes a microlens, the optical element units are config-
ured to include a concave lens, a convex lens, and the
like, and in a case where the plurality of optical element
units constitute a micromirror, the optical element units
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are configured to include a reflection layer.

[0022] A side surface of the optical element unit does
not necessarily need to be perpendicular to a bottom sur-
face, and may be inclined so that side surfaces do not
interfere with each other between adjacent optical ele-
ment units when the plurality of optical element units is
laid. Alternatively, an engaging portion such as aconcave
portion or a convex portion may be formed on a side
surface of the optical element unit so that adjacent optical
element units can be physically coupled to each other.
In addition, the bottom surface of the optical element unit
may be flat so that an adhesive or the like can be applied
when the optical element unit is mounted on the sub-
strate, or a concave portion or a convex portion to be
engaged with the substrate may be formed on the sub-
strate.

[0023] Next, the plurality of optical element units is two-
dimensionally laid on the substrate like tiles. The size of
the substrate is appropriately selected according to the
size of the intended optical element. When the plurality
of optical element units is spread on the substrate, the
plurality of optical element units is regularly arranged so
as to imitate the molecular structure of graphene, a car-
bon nanotube, or fullerene (C60). Fig. 4 is a molecular
model of hexagonal graphene.

[0024] Forexample, the bottom surfaces of the plurality
of optical element units is fixed onto the substrate with
an adhesive. The optical element units may be arranged
so that a certain gap is formed between adjacent optical
element units, or may be arranged so that side surfaces
of adjacent optical element units are in contact with each
other.

[0025] Fig.5Ais aplan view illustrating a state in which
a plurality of optical element units 100 is arranged on a
rectangular substrate 110 so as to imitate the molecular
structure of graphene, and Fig. 5B is a plan view illus-
trating a state in which a plurality of optical element units
100 is arranged on a circular substrate 120 so as to im-
itate the molecular structure of graphene. The shape,
thickness, and material of the substrates 110 and 120
are not particularly limited, but the substrates 110 and
120 are desirably made of a material having flexibility so
as to be processed into a desired surface shape. In ad-
dition, itis desirable that the substrates 110 and 120 have
strength capable of holding a surface shape after being
processed.

[0026] Here, an example in which regular hexagonal
optical element units are arranged has been described,
butalso in a case where regular triangular optical element
units are used, these optical element units are arranged
so as to imitate the molecular structure of graphene or a
carbon nanotube. Furthermore, it is also possible to ar-
range both the regular triangular optical element unit and
the regular hexagonal optical element unit on the sub-
strate.

[0027] Next, the substrate on which the plurality of op-
tical element units is mounted is processed so as to have
a desired surface shape. The desired surface shape can
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be, for example, a curved surface, a spherical surface,
a stepped surface, or the like, and this surface shape
matches the shape of the intended optical element. When
the substrate is processed into a desired surface shape,
the optical element units themselves mounted on the
substrate are not deformed, and the boundary between
the optical element units is displaced, so that a desired
surface shape is provided.

[0028] Fig. 6A illustrates an example in which the sub-
strate 110 of Fig. 5A is processed to provide a concave
curved surface. That is, a concave curved surface is
formed by the plurality of optical element units on the
substrate 110. Fig. 6B illustrates an example in which
the substrate 110 of Fig. 5A is processed so as to provide
a convex curved surface. That is, a convex curved sur-
face is formed by the plurality of optical element units on
the substrate 110. Of course, the substrate 110 can be
processed into an arbitrary surface shape other than
those illustrated in Figs. 6A and 6B.

[0029] In the above manufacturing method, an exam-
ple in which a plurality of optical element units is arranged
on a flat substrate and then the substrate is processed
into a desired surface shape has been described, but the
manufacturing method of the presentinventionis not nec-
essarily limited thereto. In a manufacturing method ac-
cording to another embodiment of the present invention,
a substrate processed to have a desired surface shape
may be prepared, and a plurality of optical element units
may be arranged on the substrate. Fig. 7 illustrates a
cross-sectional structure of a substrate 130 processed
into a concave curved surface, and a plurality of optical
element units 100 may be arranged on such a concave
curved surface of the substrate 130 so as to imitate the
molecular structure of graphene or a carbon nanotube.
[0030] In a case where an optical element is formed
by molding glass or resin with high accuracy, such an
optical element cannot usually be curved, but as in the
present embodiment, by molding an optical element unit
having a regular triangle or a regular hexagon with high
accuracy and arranging such optical element units on a
substrate, an optical element having an arbitrary surface
shape can be easily formed, and an increase in size of
the optical element can be easily achieved.

[0031] Fig. 8illustrates an aerial image display device
having a retroreflective member manufactured by a man-
ufacturing method according to aspects of the present
embodiment. In an aerial image display device 200, light
from a light source (for example, an image output device
that outputs an image) not illustrated is reflected by a
beam splitter 210, the reflected light travels to the retro-
reflective member 220, the light reflected by the retrore-
flective member 220 passes through the beam splitter
210, and an aerial image 240 is generated in a space in
front of the observer’s eyes 230.

[0032] The aerial image 240 that can be observed by
the observer is limited to a range in which the observer
can see the retroreflective member 220, but a viewing
angle 0 of the aerial image 240 is secured by making the
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retroreflective member 220 a curved surface (the viewing
angle is widened, and the aerial image can be viewed
from a wide angle). In addition, by using the highly accu-
rate retroreflective member 220 formed by molding glass
or resin, the high-quality aerial image 240 and the highly
reliable optical element can be achieved. Furthermore,
for example, in a case of glass lamination, the cost of
making one plate is very high, but in a case of the glass
press or mold, mass production is possible, a significant
cost reduction is possible, and therefore, the cost of the
optical element of the aerial image can be reduced.
[0033] Although notillustrated here, the presentinven-
tion can also be applied to the aerialimage display device
that displays an aerial image using a micromirror or a
microlens manufactured by the manufacturing method
of the present embodiment.

[0034] Fig. 9is adiagram illustrating a schematic con-
figuration of a spatial input device to which the aerial im-
age display device of the present embodiment is applied.
The spatial input device 300 includes a housing 310 that
accommodates the aerial image display device 200 as
illustrated in Fig. 8, a three-dimensional distance sensor
320 that detects an object (for example, a user’s finger
or the like) to the aerial image 240, and a controller 340
that controls image output and the like of the light source
330 on the basis of a detection result from the three-
dimensional distance sensor 320.

[0035] When the user looks at the aerial image 240
floating in front of the user and holds the finger over the
display position to instruct a desired input, the three-di-
mensional distance sensor 320 detects the three-dimen-
sional distance of the finger and outputs the three-dimen-
sional distance to the controller 340. The controller 340
calculates the position of the user’s finger on the basis
of the detection result of the three-dimensional distance
sensor 320, determines that the user has operated an
input related to the aerial image 240, and controls the
light source 330 on the basis of the determination result
to output another image or outputs the determination re-
sult to an external electronic device which is not illustrat-
ed.

[0036] Embodiments of the present invention have
been described in detail above. However, the present
invention is not limited to the specific embodiments, and
thus various modifications and alterations can be made
in the scope of the claims.

Reference Signs List

[0037]

100 Optical element unit

110, 120Substrate

200 Aerial image display device
210 Beam splitter

220 Retroreflective member
230 Observer’s eye

240 Aerial image
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300 Spatial input device

Claims

1. A method for manufacturing an optical element, the
method comprising:

a step (S100) of forming an optical element unit
(100) formed by an optical material and having
an outer shape of a regular triangle or a regular
hexagon as a minimum structure;

a step (S 110) of two-dimensionally arranging a
plurality of optical element units (100) on a sub-
strate (110, 120); and

a step (S120) of processing the substrate on
which the plurality of optical element units is
mounted into a desired surface shape.

2. The manufacturing method according to claim 1,
wherein the plurality of optical element units (100) is
arranged on the substrate (110, 120) so as to imitate
a molecular structure of graphene or a carbon nan-
otube.

3. The manufacturing method according to claim 1 or
2, wherein each of the optical element units (100) is
formed by molding a glass material or aresin material
using a mold or a cast.

4. The manufacturing method according to any one of
claims 1 to 3, wherein the desired surface shape is
a curved surface.

5. The manufacturing method according to any one of
claims 1 to 4, wherein the optical element units (100)
are retroreflective elements.

6. The manufacturing method according to any one of
claims 1 to 4, wherein the optical element units (100)
are micromirrors.

7. The manufacturing method according to any one of
claims 1 to 4, wherein the optical element units (100)
are microlenses.

8. An optical element manufactured by the manufac-
turing method according to any one of claims 1 to 7.

9. An aerial image display device (200), comprising:

a retroreflective member (40, 220) manufac-
tured by the manufacturing method according
to any one of claims 1 to 4;

a light source (330); and

a beam splitter (30, 210) that reflects light from
the light source toward the retroreflective mem-
ber and transmits the light reflected by the ret-
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roreflective member.
10. A spatial input device, comprising:

an aerial image display device (200) including a
retroreflective member (40, 220) manufactured
by the manufacturing method according to any
one of claims 1 to 4, a light source (330), and a
beam splitter (30, 210) that reflects light from
the light source toward the retroreflective mem-
ber and transmits the light reflected by the ret-
roreflective member; and

a detection unit that detects an approach of an
object to an aerial image displayed by the aerial
image display device.
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